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spring/damper systen. tn whtch the =P™S ^^^^^bes the coupling 

can be varied by means of an electrorheolog cal flutd^ ^ 

of an auxtliary mass for absorbing v.brafons to a ^ 
,.„g«amper element, coupling isj*ew.^^^^^^^^ 

.p„„g with a n.ed ^P^'"^;:^ ';:X7jr,,o.r.be amplttude of a mechan.cal 

::r:rd:pr:-=^^^^^^^ 
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namely 

10 a) high spnng flexibility with low damping and 

b) low spring flexibility with high damping to be set. 

system, 
absorber combmation. 
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shock absorbers (see, for example, US 32 07 or g 
damping (see, for example, EP 137 1 12 AD- 
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continuous variaUon of the spring stiffness and, if required, permits coupling of 
rdlttonai masses to the vibrating system in order to change the mechan.ca, natura, 

vibration frequency and its amplitudes. 

The subject matter of the invention by means of which this object is achieved is a 
r,lss vibratory force coupler with variable damping for couplmg masses to a 

r e™s Znstng at leL a vihrattng mass, referred to below as a vibratory 
mls for shon, a damper, two springs for connecting the v.bratory mas and 
Te enc ml of which at least one spnng can be connected up opttonally, tf 
Te ' e: another au.iUary mass, which is connected to the mass hy a spnn^amper 
element which can be connected up if required, the spnng or, tf requtred, 
aX mass be.ng connected up by means of coupHng elements based on an 
electrorheological or magnetorheological fluid. 

Addtttonal masses can preferably be connected up by means of addtttonau™ 
spring/damper elements, thereby, for example, allow.ng absorptton of mechantca, 

vibrations. 

U is furthermore possible to connect additional spring/damper coupling elements 
he™ hra. ng mass and the reference mass, these elements altenng the sprmg 
of the spring connection between the mass and the reference mass. The 
sp !^ amper coupl.ng elements are, in parttcular, embodied as a combmafon of 
spring elements, such as torsion, coil, bending or longitudinal sprtngs or gas- 
plslure sprigs combined with dampers based on electrorheologteal flutds o 
,5 ragnlrllogical fluids. An example of a damper based on electrorheologteal 
fluids can be found in US Patent 3,207,269. 

In the simplest case, the coupling elements are dampers which are based on 
llrheorogical nuids or magnetorheologtca, fluids and ^ ^'^J^^ 
,0 connectton can be produced between —g — 
hieh adjustable yield strength of the ERf lor a ^.„„,mp 

!;Lgth of the ERF (or MRF). the ERF or MRF damper has conunuously adjustable 

damping. 

35 The coupling elements based on electrorheological fluids are activated by means of 
IleetrL' voltages, by means of which the capacitors contatned tn the coupl.ng 
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*= modulus of the electrorheolog.cainu.ds. 

H,rt to indicate dispersions of finely 
The .em, electrorheological ^u'ds is^ ,„,ie, elecmcally highly 

dWided electrically polar.^able P"";'" J^,, polarizable. non-conduct.ve 
.„s„,a.ing oils (generally a -^P^^J^t.d of sufficiently high e.ecu^^ 
par..cles) which, under the act.o„ of an el«t^ ,„,„,us. 
Length, ,u.cldy and '^-'^''^y ^^^^JZL of magnitude. In the process, the 

aggregation. 

, • fluids are mentioned in German 
Examples of suUa.. — ^^^^^^^ .E35n2SlAU 
Offenlegungsschrmen Ge^^^^^^ OB413U42M and 

5 DE35 36 934 A1, DE39 41232A1, 
DE41 19 670A1. 

3o.h -..oltage and -^^^^^^^ ^ 
electrorheological fluids. The electric p 

^« .0 control the no. heha our f th—^^^^^^ 

::::u„^eh:;:oe^^^^^^^^^^^^^ 

,5 The spr-ng/nrass vibratory force ^"^^^^^^ ::Z^^^^^2"^^y ^ 
.achinesofall Kinds to modrfym^^a^^c^n.^^^^^ ^^^^^ ^^^^^^^^ 

mentioned here are balancng ^-"-^ .ending machines, screen 

.,st,ng machines, resonance '"Ung machme^ ^^^^^^^^ ^^^^^ 

co...yo..^^''^nc,.cs^-"^^^^;;^, ^, ,i„<,s. The spnng 

30 „ gear — ^^^^^^^^^^ 

::::ron:rfve::lsan^othermechan^ 

t m can be varied as follows 
The fundamentally Known e -^^^^^^^ ^^^^^^^^ „ force 

using the concept according to the „hich is known in principle, .s 

L ler: .he hydrauUc flu.d of the sus^ns.0 sys.m^ „ 
replaced by an electrorheolog-cal nu.d. The t 
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r;;=::cr:— ^^^^^^^^ 

damping system, in accordance wi* paten, specif.cat.on EP 238 942. 

The .nventton is explained in greater detai, be.ow by way of example with reference 

to the drawings, in which: 

F., 1 is a schemattc representation intended ,0 illustrate the spnng/mass vibratory 
force coupler according to the invention in cross secfon, 

Pig. 2 shows an ERF coupling or damper element 15 from Fig. 1 in enlarged cross 
section. 

Fig. 3 shows an ERF coupling element HO from Hg. . in enlarged cross section. 

Fig. 4 shows a spring damper coupling element 1 15 based on an ERF from Fig. . in 
enlarged representation 

Ftg. 5 Shows an MRF coupling element 112 for coupling the spring 19 in Fig. 1, 

shown in an enlarged cross section. 
F.g. 6 shows an embodiment of the sprang/mass vibratory force coupler with torsion 
springs as spring elements, in cross section. 

35 F.g 7 Shows a simplified cross section through an ERF coupUng element 67 in 
accordance with Fig. 6 for coupling a mass to a torsion sprmg 64. 
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Fig. 8 shows the use of a spring/mass vibratory force coupler element according to 
the invention in a "hydroactive suspension". 

Hg. 9 Shows an enlarged schemaUc cross section through a pneumatic spring ball 8. 
5 with the ERF damper element from Fig. 8. 
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y vample 1 

^.---^^^^^^^^^ 

spring/damper elements 17, 1 10. . eonvenuonal co,l spnngs 17. 18. 19 

,7 no 1 8, 1 1 1 ™d 19. 1 12 are -°'"'»"'"°"' f,„y3 a damper based on a 

'J^Mampers UOornl based one— ^^^^ . 

„asne.orheologrcal fluid H T^^^^^^^^^^ 

" "-^^ U "ns o. rods .4 WUI. co„plm. elements 

vibratory mass u is> 6" 

, , ,^ the vibratory mass by means of an ERF 

absorber mass 113 -s ^^^^ particular mechan.cal 
spnng/damper eoupling vibration of the absorber mass 112 can be 

irat-ons. The resonant ^3 connected to the absorber mass 

lifted by means of an auxiUa/"^^ ' ; 
byanothersprmg/dampercoylmgelement. 

• „f the ERF coupling and damper elements 
Hg. 2 shows a deta,. of the — ^ f «• are connected to the 

15 or 16 on the guide rod 13 or 14^ ^he P.s, ^^^^^.^^ ,5 

U^ody23.wh,chcanbemove.m*^— 

I .6.Thehousing21 ,„i,e bushes 27, 27.. An elecnca 

22- by means of mechanical seals ^^'^f mirage supply iHisgu.ded 

feed conductor 29 for the htghvol^ge o™.^^^^^^ 
,h„ughthestemottheupperp.stonrod22an 



the electrode surface 25. 



tneeicA."" , 

. „ 21 and the electrode 25 increases the y.eld 
applying a voltage between the housmg 2 a^^^^ ^ ^^^^^^^^^^ 

strength of the ERF 2.1 m ^^J™^^ .tun such a way that a strong connectton 
voltage, it ,s possible to acttvate the ERF 2 ^^^^ ^^^^^^ „ 

, achteved between - — J- ^^^^ ^^^^^^^ 12. 
couple the Vibratory mass I Itirmiy 

„. noor lU.Thehousmg 
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the ERF 3U and the piston 33. which plunges into the ERF 31 1. The piston 33 is 
onnid to the ptston^od 32, Which is attached to the vibratorytnass^ 
rod 32 is guided through into the housing 31 in a ntovable manner v,a a seal 38 and a 
; ae bush 37. The piston 33 is guided by nteans of an electrically 
\n 3.2- Which .s pierced to allow the ERF to flow through the annular g p 36J 
electrical high-voltage feed conductor is passed through the stem of the ptston rod 32 
r hrlgh' an tnsLting layer 34 to the electrode surface 35. A —sat^ 
. ^ «f th*> hniisine 31 is separated from the ERP ill oy a 

«r.inmp 114 in the upper part of the housing is 

fl elle d aphragn, 315 and provides contpensation for the volume of the p.ston rod 
" which Lo plunges into the housing volume 31. When - elect^a, voltage . 
applied to the electrode 35 opposite the housing 31, the vscosuy of the ERF 3 n 
the electrode gap 36 is increased and damped or rigid couphng of the sprmg 17 or ,S 
to the vibratory mass 1 1 is made possible. 



15 Example 2 

.vanan. of the spring/mass vibratory force coupler descrtbed in 

w„h a coupling element based on a magnetorheologtcal flu.d (MRFC, for 

purpose of coupling the springs and masses. 

F,g 5 Shows a detatl of an MRF couphng element 112, the "P-"- "'^^^ 
f ndamentally comparable with that of the ERF coupling e.e-n. desc.be 
above. The housing 51 contatns the MRF 511. a compensat.ng volume " 
d>aphragm 515. and a p.ston 53. which is connected to the v.bratory mass 11 by the 
. « pis on fod 52. The piston 53 is guided via a ring sea, 512 and ,s des.gned to be 
Movable in the housing 51. Fig. 5 shows a coupling tnember b.ed^ 
magnetorheological fluid. The housing 5. contains a -8"— ^'^^ ""''jf, 
pisfon 53 with an electromagnet 54 having electrical feed conductors 5 0 and 9 
whtch are fed in via the piston rod 52. The piston separates two spaces 51 1 and 5 6 
30 conta.i„g the magnetorheological fluid. The piston is penetrated by an an™ . gap 
56 via Which fluid can be exchanged between the spaces 5,6 and SU- When the 
electromagnet is switched on. a magnetic field is produced .n the annular gap 56 
outstde the magnettc insulator 55 and the field Itnes of this magnettc field are 
p rpendicular ,0 the surface of the annular gap. The p.ston 53 is prov.de w,. 
35 gurding seal 512 in relation to the housing 51. the said seal P-cn ^ 
magnlrheological fluid from pass.ng through between the hous.ng wall 51 and the 
p. L 53 when the p.ston 53 is moved. The piston rod 25 , is passed ,„to the hous.ng 
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via a bushing 57 with a ring seal 58. Compensating volumes 514 are additionally 
provided and these are separated from the magnetorheological fluid by a diaphragm 
515 The compensating volume 514 serves to compensate for the increase in volume 
caused by the piston rod 52 as U is pushed in. Like volume 314 in Fig. 3, 
5 compensating volume 514 also simultaneously prevents cavitation in the spaces 
containing the magnetorheological fluid. The damping of the MRF damping member 
increases as the magnetic field strength in the annular gap 56 increases. Once the 
maximum yield strength of the MRF has been reached, rigid coupling of the masses 
connected to the rod 52 and the housing 5 1 via a fixing means 5 13 is possible. 

10 

Example 3 

In this example, the spring/mass vibratory force coupler shown in Example I has 
been supplemented by coupling in an absorber mass . 13 and. if required, an aux.hary 

15 mass 1 14, as shown schematically in Fig. 1 . 

Fio 4 shows the ERF coupling element 1 15 (orl 16) for coupling the absorber mass 
1 13 or the auxiliary mass 1 14 to the vibratory mass 1 1 on an enlarged scale. The end 
plates 41 41' are connected to a spnng bellows 42. The ERF 411 is enclosed at the 
20 sides by 'a diaphragm 43 and between two capacitor plates 45, 45', which are 
insulated by insulators 45, 45' and connected to an external variable voltage source 
117 by power supply conductors 49. 410. An insulating spacer 47 prevents a short 
circuit between the plates 44 and 44' when a voltage is applied. When a voltage is 
applied, the ERF 411 between the plates 44 and 44' can be activated in squeeze 
25 mode in the case of vibration coupling of the masses 1 13 or 1 14. By means of an 
alternating voltage, it is possible to produce a mechanical vibration of the mass 113 
which vibrates in phase opposition to a vibration of the vibratory mass 11, for 
example. This makes it possible to absorb mechanical vibrations. The coupling 
element 1 16 can be used to couple the auxiliary mass 1 14 to the absorber mass 1 13 
30 in order to influence the frequency of the vibration absorption by means of the 
absorber mass 1 13. The diaphragm 43 is preferably chosen so that its stiffness makes 
only a negligible contribution to the stiffness of the spring. 
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Figs 6 and 7 show a variant of the spring/mass vibratory force coupler according to 
the invention for coupling torques. In this variant, the vibratory mass 62 is coupled to 
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M hv means of the electrorheological fluids 65 and 66 in the 
the reference mass 61 by means oi ^^^^^ 

1 ^««fc and 68 via two torsion spnngs 63 ana o^. 
couphng elements 67 and 6» conductor 710 is passed 

construction of the coupling elements 67, ^S- An e l-^^^^^ 

through the shaft 73 from the slidmg contact to the - ^^^^^^^^^^ 

.h.ch is surrounded by the ERF 76 in ^^^^2^];^^, seal off 

The^ «:haft is mounted rotatably m Dusne^ / / , 
(by .h= msulator 74). The sh^ .s ^^^^^ 
the interior cont^n.ng ihe ERF 76. In the ^ ^^^^^^ . ^ 

the — , n-ass 6. . e^ - ^ ^^^^^^^^^^^^ upperL to the ho.s.n. 
pan of .he torston spnng 6 -J' J electrorheological fluid 65 

wall 71 of coupling element 67. The yield g 75 or 71 1 and the 

. 66 is controlled by means of the voltage aero, 

bonsingof.eco -g«^^ 

rn^r^r— ^^^^ 

electrode 75 becomes highly viscous and the v* J, ^ , 

electrode 75 connected to .0 Uie spring 63. " ^ ^ ^3,, .he 

electrorheological fluid 66 — ^,1 ^ ^ 

, r:C":=-T^^^^^^^^^^^^ 

a coupling medium. 
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P,, s illusrra.es .he use of .he spnn.ntass — ^spr^^^^^^^^ 

with .he invemion wi.h reference .0 a modified ^y^'^^-^"^^^^ „„„i„g 

.ehicles. Mechanic. — 

-rs^r—ofthi™..^^^^^^^^^^ 

and 85-, respec.ively. connec.ed .herelo. ^^^^ ^ ,,araulic oil 

Sliding seals 97 and force an ^"''^ ^.e springs 81, SI', in 

tbroughBKF valves S6,B6Mn.o . he cham^^^^^ - 

diaphragms 93 (see ng. f )■ elecmcal voltage 

p,a,e 99 and .he housing 910 of .he valves 86 ^^^^ 

ean be applied in order .oco„.o. .he vi^osi^o^^^e E^^^^^^^^^ 

electrical breakdowns .0 .he housmg wall. An addi.ional g P 
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be connected to the hydraulic side of the pistons 84 and 84' by additional 
electrorheological valves 87 and 87' knd corresponding feedlines 98. A sensor 810, 
which can detect irregularities in the roadway, is used to influence the voltage across 
the capacitor plates of the dampers 86, 86' and 87, 87'. The control voltage of the 
sensor can likewise be used to activate or deactivate the additional pneumatic springs 
82. 

An additional fluid supply unit (not shown) with a pump for regulating the pressure 
level of the fluid in the hydraulic system can be connected to the hydraulic system. 

When a magnetorheological fluid is used as the hydraulic fluid in the spring/mass 
vibratory force coupler, the electrorheological valves 86, 86' and 87, 87' are replaced 
by MRF valves, as shown in Fig. 5, in the system shown in Fig. 8. 



